
SHIP PRODUCTION COMMITTEE
FACILITIES AND ENVIRONMENTAL EFFECTS
SURFACE PREPARATION AND COATINGS
DESIGN/PRODUCTION INTEGRATION
HUMAN RESOURCE INNOVATION
MARINE INDUSTRY STANDARDS
WELDING
INDUSTRIAL ENGINEERING
EDUCATION AND TRAINING

THE NATIONAL
SHIPBUILDING
RESEARCH
PROGRAM

December, 1997
NSRP 0500

N3-95-3

Evaluation of Water-Thinned
Preconstruction Primers Containing
No Metal Pigments

U.S. DEPARTMENT OF THE NAVY
CARDEROCK DIVISION,
NAVAL SURFACE WARFARE CENTER

in cooperation with

Peterson Builders, Inc.



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
DEC 1997 

2. REPORT TYPE 
N/A 

3. DATES COVERED 
  -   

4. TITLE AND SUBTITLE 
The National Shipbuilding Research Program, Evaluation of
Water-Thinned Preconstruction Primers Containing No Metal Pigments 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Naval Surface Warfare Center CD Code 2230-Design Integration Tower
Bldg 192, Room 128 9500 MacArthur Blvd Bethesda, MD 20817-5700 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release, distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

SAR 

18. NUMBER
OF PAGES 

140 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



DISCLAIMER

These reports were prepared as an account of government-sponsored work.  Neither the
United States, nor the United States Navy, nor any person acting on behalf of the United
States Navy (A) makes any warranty or representation, expressed or implied, with respect
to the accuracy, completeness or usefulness of the information contained in this report/
manual, or that the use of any information, apparatus, method, or process disclosed in this
report may not infringe privately owned rights; or (B) assumes any liabilities with respect to
the use of or for damages resulting from the use of any information, apparatus, method, or
process disclosed in the report.  As used in the above, “Persons acting on behalf of the
United States Navy” includes any employee, contractor, or subcontractor to the contractor
of the United States Navy to the extent that such employee, contractor, or subcontractor to
the contractor prepares, handles, or distributes, or provides access to any information
pursuant to his employment or contract or subcontract to the contractor with the United
States Navy.  ANY POSSIBLE IMPLIED WARRANTIES OF MERCHANTABILITY AND/OR
FITNESS FOR PURPOSE ARE SPECIFICALLY DISCLAIMED.





FORWARD

This final report presents the results of a project entitled, "Evaluation of Water-Thinned
Preconstruction Primers Containing No Metal Pigments," that was conducted by McDermott
Technology, Inc. (formerly the Babcock & Wilcox Research and Development Division) of
Alliance, OH.  Work in the project was done under subcontract to Peterson Builders, Inc. (PBI) of
Sturgeon Bay, WI for the National Shipbuilding Research Program (NSRP).  The project was
sponsored by the Surface Preparation and Coatings Panel (SP-3) of SNAME's Ship Production
Committee under the technical direction of Mr. John Meacham of PBI, NSRP Program Manager.

The research for this 18-month project was initiated by Mr. Dwight L. Turner (formerly of
the Babcock & Wilcox Research and Development Division) on February 7, 1996.  Project
leadership responsibilities were later assigned to Mr. Walter R. Mohn of McDermott Technology,
Inc. on October 1, 1996 who oversaw completion of the workscope throughout the remaining
period of performance that ended on June 18, 1997.  While preparation of test panels was done at
McDermott Technology, Inc. in Ohio, the plasma arc cutting tests, fillet weld tests, and 12-month
atmospheric exposure tests were conducted at the Bollinger Shipyard (formerly the McDermott
Shipyard) in Morgan City, LA.



EXECUTIVE SUMMARY

The primary goal of NSRP Project 3-95-3 was to identify and evaluate water-thinned
preconstruction primers (PCP's) which could potentially be used as viable substitutes for
conventional PCP's containing powdered zinc and high levels of volatile organic compounds
(VOC's).  The objectives of this 6-Task, 17-month project were to compile a comprehensive list of
commercially available water-thinned preconstruction primers (PCP's) which contain little or no
hazardous metal and to evaluate the more promising candidate PCP's by laboratory and shipyard
testing.  In this work, selected PCP's were evaluated for weatherability, compatibility with follow-
on coatings, cutting performance, and weldability per MIL-STD-248D.

In Task 1 of this project, available information on water-thinned PCP formulations
manufactured by commercial paint vendors was compiled.  This information included product data
sheets, vendor research reports, and data available from the shipyards.  This information was then
used to down select the candidate PCP's for subsequent laboratory and field testing.  Selected
PCP's were Amercoat 3207 (manufactured by Ameron Protective Coatings Group), Carboline
8101 (manufactured by Carboline Co.), Devran 720 (manufactured by Devoe Coatings), Hemudur
18580 (manufactured by Hempel Co.), Intergard 292 WB (manufactured by International
Courtaulds), and Sovaprime 13R96 (manufactured by Jotun Valspar).  For comparison, two
relatively new inorganic zinc (IOZ) primers containing VOC's were also chosen for testing,
including WB14A (manufactured by International Zinc) and Nippe Ceramo (manufactured by
Nippon), both of which were of keen interest to several shipyards.

In Task 2 of the project, the test panels needed for laboratory and field tests were prepared.
All adhesion and atmospheric exposure test panel substrates were made from 3/16 inch thick
ASTM A36 steel grit blasted to achieve a "near-white" surface finish per SSPC SP10.  Fillet weld
test panel substrates and plasma torch cutting test panel substrates were both made from 3/8 inch
thick A36 steel grit blasted to SSPC SP10.  Each PCP was applied to establish three dry film
thicknesses (DFT's of 0.5, 1.0, and 1.5 mils) representative of low, medium and high shipyard
application conditions.  For adhesion testing, each manufacturer's recommended overcoats were
applied to test compatibility with the PCP.  Results of Elcometer adhesion tests showed that all of
the coatings displayed good adhesion, most exhibiting strengths greater than 1000 psi.

In Task 3 of the project, PCP-coated steel plates were severed with a plasma torch to assess
the condition of the resultant cut.  Cutting trials were conducted on an automated plasma torch
cutting machine used in production operations at the McDermott Shipyard (now Bollinger
Shipbuilding, Inc.) in Amelia, LA.  Traverse speed for the cuts was set at 121 inches per minute.
Severed panels were subsequently examined, and the surfaces of the kerf were rated either good,
fair, or poor.  Results showed that all panel cuts were rated as good.



In Task 4 of the project, PCP-coated panels were fillet welded to assess quality and
condition of the fusion joints in accordance with MIL-STD-248D.  Welding trials were conducted
with a Lincoln twin-arc welding machine used in production operation at the McDermott Shipyard.
Primer was not removed, cleaned, or otherwise treated prior to fillet welding.  For this test, a linear
welding speed of 10 inches per minute was used based on recommendations of experienced
production welders at the shipyard.  After welding, each web-and-flange assembly was subjected
to destructive testing, and significant linear porosity was observed along the fusion centerline in
most of the fillet welds.  These results indicate that under these specific conditions, the PCP's may
have to be removed to produce acceptable weld joints.  While it was not within the established
workscope of this project, it is recommended that additional testing be conducted to identify
alternative welding parameters for making acceptable welds on panels with these coatings.

In Task 5 of the project, PCP-coated test panels were scribed and submitted for
atmospheric exposure testing at the (former) McDermott Shipyard in Amelia, LA.  The twenty-four
carefully prepared panels (8 PCP's X 3 DFT's) were mounted on a KTA test rack and positioned
for a southerly exposure in a safe location at the top of a building at the shipyard.  Exposure testing
was initiated on June 17, 1996.  Periodic 3-month inspections of the panels were conducted
thereafter in accordance with ASTM D610-85 (scale of 0 to 10 where 10 is best) to document their
condition.  Atmospheric exposure testing was completed on June 23, 1997 when the panels were
removed from the test and shipped to McDermott Technology in Alliance, Ohio for final
assessment.  Results showed that fourteen of the eighteen panels that were coated with water-
thinned PCP's were rated from 1 - 7, and of these, the lowest ratings generally correlated with
DFT's of 0.5 mil.  Panels rated above 7, all of which had a nominal DFT of 1.0 mil or greater,
were coated with either Amercoat 3207, Devran 720, or Hemudur 18580.  Panels coated with IOZ
primers Nippe Ceramo and WB14A were rated 7 or 9, except for one Nippe Ceramo-coated panel
(rated 1) having a DFT of 0.5 mil.

Task 6 involved the technical management and reporting (including interim progress
reports, quarterly reports, and the final report) which were conducted throughout the duration of
this 17-month project.
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1.0  INTRODUCTION AND BACKGROUND

1 . 1 Needs within the Shipbuilding Industry

Concerns regarding safety, health and protection of the environment, in addition to the cost
and functional effectiveness, have become critical considerations in the selection, use and
application of protective coating materials in the shipbuilding industry.  In fact, the relatively new
rules limiting the allowable levels of VOC's and content of metallic pigments have become the
major driving force behind efforts to reformulate coatings and to revise specifications for industrial
marine paints and preconstruction primers (PCP's).

It has been standard shipyard practice for years to grit blast incoming steel and prime it with
a thin layer of inorganic zinc (IOZ) primer, since this coating is very effective in preventing steel
corrosion during storage and fabrication.  Such primer is usually applied in a dry film thickness
(DFT) of 0.5 mil to 1.5 mils.  The tough, thin IOZ layer allows thermal cutting to proceed without
interruption and can be fused and bonded by welding processes commonly used in the shipyard.

Despite the attributes of IOZ primers, there are some disadvantages with these coatings.
IOZ primers are composed of 20 to 70% powdered zinc, depending on the manufacturer's
formulation.  This metal has come under increasing scrutiny by state and federal agencies,
including the Environmental Protection Agency (EPA) and the Occupational Safety and Health
Administration (OSHA).  Metallic zinc dust from production operations or from paint disposal can
leach into natural aboveground and below-ground water supplies.  Toxic zinc fumes are also
generated during thermal cutting and welding operations.  These fumes can cause welding arc
instability and increased weld spatter.  Use of IOZ primers can also result in the degradation of
weld joint quality by causing excessive porosity, especially in fillet welds.  Mechanized welding of
IOZ primer-coated steel can increase the incidence and content of porosity in the solidified joint
because of the high welding speeds and rapidly freezing weld pool.

A special concern with older inorganic zinc formulations is the relatively high VOC content.
Conventional PCP's contain as much as 3 to 5 pounds per gallon of volatile organics.  Although
low-VOC, waterborne IOZ preconstruction primers have been recently introduced, they tend to be
more difficult to apply successfully.  Experience at the McDermott Shipyard (now Bollinger
Shipbuilding, Inc.) has shown that these primers can cause work stoppages due to frequent
plugging of spray equipment.  Waterborne IOZ primers are also more sensitive to substrate
cleanliness and to weather conditions during application and curing.

In recent years, coating technologists and product formulators have made significant
advancements aimed at reducing emissions of VOC's, as well as metal compounds from the
pigment base.  A wide variety of waterborne or water-thinned PCP's containing no metal pigments
have been developed for use in the shipbuilding industry, as well as in other types of marine
construction.  Although new environmentally acceptable preconstruction primer systems had been
commercially available, relatively little was known about their dependability, consistency, and
long-term performance.  Coating specifiers were often forced into specification decisions based on
environmental acceptability alone, rather than a sensible combination of environmental acceptability
and PCP performance.  The need for information on the characteristics and performance of some
of the newer PCP's established the basis for this NSRP project.  Accordingly, the work in NSRP
Project 3-95-3 focused on the evaluation of water-thinned PCP's containing no metal pigments,
and the results provide a direct response to a common need for information on these primers
throughout the shipbuilding industry.



1 . 2 Project Benefits

The goal of this project was to identify and evaluate water-thinned PCP's which could be
used as viable substitutes for conventional PCP's containing powdered zinc and high levels of
VOC's.  The results will provide significant benefits toward the selection and use of alternative,
environmentally compliant PCP's for shipyard use.  Engineering specifications for new PCP's are
now based on meeting the current regulatory VOC limits of 3.5 lbs/gal. and containing no
compounds of lead, chromium, barium, mercury, and cadmium.  Shipyard use of the best
performing PCP's identified and evaluated in this project will serve to meet these regulations and
the even more stringent regulations (2.8 lbs/gal VOC limit) being considered by the EPA for the
near future.

1 . 3 PCP Materials and Processes

The PCP's selected for evaluation in this project were as follows:

Amercoat 3207 (Manufactured by Ameron)
Carboline 8101 (Manufactured by Carboline)
Devran 720 (Manufactured by Devoe Coatings)
Hemudur 18580 (Manufactured by Hempel)
Intergard 292 WB (Manufactured by International Courtaulds)
Sovaprime 13R96 (Manufactured by Jotun Valspar)

For comparison, the following IOZ primers were included in the evaluation:

WB14A (Manufactured by International Zinc)
Nippe Ceramo (Manufactured by Nippon)

ASTM A36 steel sheet and plate were used to fabricate test panels for this project.  Prior to
the application of coatings, panels were given an abrasive blasted to establish an SSPC SP10
(near-white) surface condition.  All primers and overcoats were furnished by the manufacturers in
five gallon containers at no cost to the project.  Each coating was mixed and applied in accordance
with the manufacturer's recommendations to establish nominal dry film thicknesses (DFT's) of 0.5
mil, 1.0 mil, and 1.5 mils.



1 . 4 Technical Approach

Test panels that were prepared for this project included the following:

24 adhesion test panels (1/4" X 4" X 6")
24 atmospheric test panels (1/4" X 4" X 6")
24 plasma torch test panels (3/8" X 12" X 24")
24 weld test panels (3/8" X 4" X 20")

Some of the panels were given overcoats with follow-on paints (recommended by the PCP
manufacturer) to determine compatibility and to test adhesion per ASTM D4541.  The tests which
were conducted to evaluate the coated panels included 1) adhesion, 2) plasma torch cutting, 3)
welding, and 4) atmospheric exposure.

All atmospheric exposure panels were scribed on the front face to expose the steel substrate
for testing.  This scribe mark provided data on the effect of construction damage which sometimes
occurs during shipyard operations.  The panels were then attached to an insulated rack having a
galvanized steel frame (purchased from KTA-TATOR, Inc., Pittsburgh, PA).  The rack with the
24 panels was mounted in a secure location on top of a building at the McDermott Shipyard (now
Bollinger Shipbuilding, Inc.) in Amelia, LA.  The rack was oriented toward the south at an angle
of 45% from the horizontal to obtain maximum exposure from the sun.  Records of daily weather
conditions for the 12 months of testing were obtained from the National Weather Service for
Morgan City, LA to document the exposure data.  Panels were visually inspected and photographs
at 3-month intervals during the course of exposure testing.



2.0  PROCEDURES AND TESTING

2 . 1 Task 1: Survey of the Coatings Industry

The goal of Task 1 was to compile all available information on water-thinned PCP
formulations manufactured by commercial paint vendors.  The information was to include product
data sheets, vendor research reports, and any data available from the shipyards.  This allowed for
assessment of the individual coatings for possible inclusion in the project test matrix.  The
information was then used to down-select candidate water-thinned PCP's for subsequent
laboratory and field testing.

2 . 1 . 1 Survey Methodology

Online databases including METADEX, NTIS, ASM International, Engineering Index,
Engineering Materials Abstracts, and U.S. Patents were searched for recent developments with
water-thinned PCP's.  The JPCL 10-year CD-ROM Archive was also searched using the key
words: waterborne, water-thinned, primer, preconstruction, and shop primer.

Several U.S. shipyards were contacted to gain the benefits of their experience with PCP's.
Table 2-1 presents a summary showing the results of this effort and shows the variation in types of
PCP's which were being used.  Two of the shipyards reported using water-thinned PCP's on an
occasional basis, while two others responded that they were using them routinely.  Both routine
users found that preheat and post heat are required on automated paint application lines to accelerate
drying of water-thinned PCP's, citing typical drying times of less than five minutes.  Other
shipyards contacted were using solvent-thinned and water-thinned forms of IOZ primers, including
International Zinc WB14A and Nippon Nippe Ceramo.

A number of well-known coating suppliers, as well as other paint and primer suppliers
listed in the JPCL Buyer's Guide and the Thomas Register, were contacted to gain information on
their PCP products.   Industrial, architectural, and marine paint manufacturers were also contacted.
Some of the manufacturers did not offer PCP's, while others did not produce PCP's for marine
use.  Table 2-2 presents a summary of the companies which were included in this part of the
survey.

2 . 1 . 2 Selection of PCP Candidates

Based on the information gained in the survey of the coatings industry, a listing of nine
candidate water-thinned PCP's was prepared for final consideration.  Six of the more promising
ones were down-selected from this listing for laboratory and field testing.  In addition, two popular
IOZ primers were included in the evaluations for comparison, as shown in Table 2-3.  All eight
coatings were commercially available and had been tested or used by at least one shipyard.
Product data sheets for each of the coatings are provided in Appendix 2-1.

2 . 2 Task 2: Test Panel Preparation

The goal of Task 2 was to prepare all test panels required for subsequent laboratory and
field tests.  Each PCP was to be applied in three DFT's  (0.5 mil, 1.0 mil, 1.5 mils) representative
of low, medium, and high shipyard application conditions.  Four types of panels were prepared for
welding, cutting, adhesion, and shipyard exposure testing.  During preparation, and prior to the
application of PCP coatings, fabricated steel plates were called substrates.  Not until the PCP
coatings had been applied and cured (dried) were the steel plates referred to as test panels.



2 . 2 . 1 Calibration of Measuring Equipment

Table 2-4 lists the equipment which was used to record coating application data.  Each
instrument was checked to verify accuracy and traceability to nationally recognized standards.

2 . 2 . 2 Fabrication of Steel Test Panel Substrates

All adhesion and atmospheric exposure test panels substrates were made from a single
sheet of 3/16 inch thick ASTM A36 steel.  This thickness was the thinnest A36 sheet that could be
purchased with mill test certificates.

All fillet weld test and cut test panel substrates were made from a single sheet of 3/8 inch
thick A36 steel.  The fillet weld test panels (3/8" X 4" X 20") were sized to conform with MIL-
STD-248.  The cut test panels (3/8" X 12" X 24") were sized to permit multiple cuts on production
plasma arc cutting equipment at the McDermott Shipyard.

The design of the atmospheric exposure test panels (Figure 2-1) was configured to allow
mounting on a standard KTA paint test rack.  Each panel substrate had one 3/8 inch diameter hole
punched in the bottom to facilitate handling.  All sharp corners were chamfered 1/32 inch to
prevent "rust-back" at the edges.  Before abrasive blasting, each test panel was solvent cleaned
with reagent grade acetone to remove any residual oil or grease.  Panel substrates were then
identified with numbers stamped on the front and back.

2 . 2 . 3 Panel Substrate Surface Preparation

The back surface of each atmospheric exposure panel substrate was grit blasted to establish
SSPC SP10 "near-white" condition with a surface profile between 1.0 and 1.5 mils, as
recommended by the PCP manufacturers.  Press-O-Film coarse replica tape and a Testex spring
micrometer (Figure 2-2) were used to determine the test panel substrate surface profile after shot
blasting.

Figures 2-3 and 2-4 show the Vacu-Blast equipment that was used for all surface
preparation.  Several grades of steel abrasives had to be tested to determine which would establish
a surface conforming to SSPC SP10.  Standard steel shot sizes ranging from S280 to S70 were
evaluated, as well as steel grit ranging from G120 to G40.  Since the lowest surface profile (1.5
mils) was attained with S70 shot, this grade was selected for use in preparing the surfaces of all
test panels in the project.  Visual standard SSPC VIS, 1-89 was used to ensure that the preparation
of the panels met SSPC SP10 surface conditions.

As a precaution against chloride contamination of the panel substrate surfaces, chemical
testing of a few substrate surfaces (in accordance with ASTM D512) was conducted after shot
blasting.  Detection of only a minute amount (less than 0.0003 mg/cm2) of chlorides showed that
there was virtually no chloride contamination of the panel substrate surfaces.  A summary of these
findings is documented in Appendix 2-2.



2 . 2 . 4 Application of Paint to Test Panel Substrates

The back surface of each atmospheric exposure panel substrate was blasted to SSPC SP10
and coated with Devoe Bar Rust 235 surface tolerant epoxy paint, as shown in Figure 2-5, to
prevent rusting during testing.  This was done to reduce the possibility of back surface rusting
from confounding the results for the front, exposed panel face.

All primers and overcoats used in this evaluation to coat the front surfaces of the panel
substrates were furnished by the manufacturers in five gallon containers at no cost to the project.
Coatings were mixed and applied in accordance with each manufacturer's recommendations.  To
prevent the formation of flash rust, prepared panel substrates were stored in a dry location, and
primers were applied before any visual indications of flash rusting appeared.  To simulate
conditions of shipyard production, all panel substrates were warmed to 100%F before and after
PCP application.  Both conventional air spray equipment and airless spray equipment were used to
apply the coatings.  Conventional air spray equipment was used to apply the IOZ coatings which
require frequent agitation.  Airless spray equipment was used to atomize some of the higher solids
coatings to minimize the amount of required thinner.  Figure 2-6 shows the arrangement of panel
substrates during coating application.  The center panel was used to measure wet film thickness, as
shown in Figure 2-7.

2 . 2 . 5 Dry Film Thickness Measurement and Control

Shipyards usually apply PCP's as thin as possible to minimize coating-related problems in
welding and torch cutting.  Typical shipyard DFT's range from 0.5 to 1.5 mils.  Thus, during
preparation, panels with low, medium, and high DFT's (0.5 mil, 1.0 mil, and 1.5 mil) were
established for each PCP candidate.  This range of DFT's was also deemed appropriate by the
paint manufacturers.

It was anticipated that precise application of PCP's to establish low, medium, and high
DFT's would be difficult with manual spray equipment, so an excess number of test panels were
produced for subsequent screening.  The DFT of each coated panel was measured with a Mikrotest
Model GM magnetic lift off gage after curing, as shown in Figure 2-8.  Calibration of this gage
was done in accordance with MTI Technical Procedure ARC-TP-1341, "Calibration Procedure for
the Microtest IV Automatic Dry Film Coating Thickness Gage," prior to each use.  This procedure
is based on ASTM D1186-93, "Standard Test Methods for Nondestructive Measurement of Dry
Film Thickness of Nonmagnetic Coatings Applied to a Ferrous Base." Panels having DFT's close
to the target thicknesses were selected for the various laboratory and field tests.

The Mikrotest Model GM magnetic lift off gage measures thickness by using a spring
calibrated to determine the force required to pull a permanent magnet from a ferrous base coated
with a nonmagnetic film.  The "GM" model is designed to measure DFT ranging from 0 to 4 mils.
The instrument is placed directly on the coating surface to take a reading.  The attractive force of
the magnet to the substrate varies inversely with the thickness of the applied film.  The spring
tension required to overcome the attraction of the magnet to the substrate is shown on the
instrument scale as the distance (in mils) between the magnet and the substrate.



Calibration of the Mikrotest lift off gage is conducted in an area free of stray magnetic
fields, such as power lines, generators, or welding equipment.  An uncoated steel panel substrate,
which has been prepared in a fashion similar to the substrates on which the DFT's will be
measured, is used for the calibration.  Plastic shims in the expected thickness range to be measured
(0-4 mils) are then placed against the steel substrate and measured with the lift off gage.  If the
gage readings differ from the representative thicknesses of the shims by amounts exceeding the
allowable tolerances, then a calibration curve is plotted and used to correct the values indicated on
the gage dial to obtain accurate thickness measurements of coating DFT's.

Once the spray-applied PCP had dried, a scribe mark was machined on the front face of
each panel with an end mill as shown in Figure 2-9.  This scribe mark (dimensions shown in
Figure 2-1) was produced to simulate damage to the coating which exposes the carbon steel
substrate, a probable situation which would be encountered during shipyard construction.  End
milling was chosen in lieu of blade cutting to ensure uniform, consistent conditions of substrate
exposure during testing.

2 . 2 . 6 Overcoating the Adhesion Test Panels

Overcoated test panels needed to be tested for adhesion strength to assess 1) the
compatibility of the PCP and the overcoat, and 2) the primer-to-substrate bond quality.  Once each
PCP had cured (taking approximately 2 weeks), each adhesion test panel was wiped with a clean
lint-free cloth and painted with the manufacturer's recommended overcoat, as listed in Table 2-4.
This deviation from the project plan (originally to apply two overcoats to each candidate primer)
was approved by the project oversight committee, since paint suppliers rarely (if ever) specify
other manufacturer's topcoats.

2 . 2 . 7 Adhesion Testing

Panels were tested for adhesion strength under Task 2 in accordance with ASTM D4541-85
using an Elcometer Adhesion Tester, Model 106 having a range of 0 - 1000 psi.  For each test, the
coating was scribed to the base metal around the dolly.  A minimum of three measurements for
adhesion strength were made on each panel.  For each of the selected water-thinned PCP's, a set of
three primed and overcoated panels (a total of 18) were tested to determine adhesive strength.  As a
comparison, similarly prepared panels primed with the two IOZ primers (a total of 6 panels) were
also tested to determine adhesive strength.  Each set of panels, prior to overcoating, had exhibited
primer DFT's of about 0.5, 1.0, and 1.5 mils.  A minimum of three measurements for adhesion
strength were made on each panel, but as many as five measurements were made on some panels.

2 . 2 . 8 Preparation of Exposure Panels for Atmospheric Testing

Once the atmospheric exposure test panels were selected and scribed, they were mounted
on the KTA test rack, as shown in Figures 2-10, 2-11, and 2-12.  This rack was then boxed in
protective packaging and shipped to the McDermott Shipyard in Amelia, LA to be placed atop a
building for testing.  Figures 2-13 and 2-14 show the location of the test rack after placement.
Atmospheric exposure testing was initiated on June 17, 1996.



2 . 3 Task 3: Plasma Torch Cutting Tests

The goal of Task 3 was to conduct plasma torch cutting tests on 3/8" thick A36 steel panels
which were coated with candidate primers and to assess the condition of the resultant cuts.
Preparation of the cutting test panels had been done under Task 2 of the project.  For this work, 24
panels (3/8" X 12" X 24") had been given an abrasive blast (SSPC SP10), and had been coated
with the selected PCP's.  Three panels had been prepared for each PCP to provide DFT's of about
0.5, 1.0, and 1.5 mils.

Cutting trials were conducted on an automated plasma torch cutting machine used in
production operations at the McDermott Shipyard in Amelia, LA, as shown in Figure 2-15.
Traverse speed for the cuts was set a 121 inches per minute.  Severed panels were subsequently
examined, and the surfaces of the kerf were rated (good, fair, poor) to characterize overall
uniformity and condition, as shown in Figure 2-16.

2 . 4 Task 4: Welding Tests

The goal of Task 4 was to conduct fillet weld tests and to assess quality and condition of
the fusion joints in accordance with MIL-STD-248D.  Preparation of the weld test panels, which
was completed under Task 2, was similar to that used to prepare panels for cutting tests in Task 3.
For this work, 48 ASTM A36 steel panels (3/8" X 4" X 20") had been abrasive blasted (SSPC
SP10) and coated with selected PCP's.  For each PCP, three pairs of panels had been coated to
provide three sets of web-and-flange assemblies having matching DFT's of about 0.5, 1.0, and
1.5 mils.

2 . 4 . 1 Production of Fillet-Welded Joints

Welding trials were conducted with a Lincoln twin-arc welding machine used in production
operations at the McDermott Shipyard in Amelia, LA.  This equipment allowed simultaneous
welding of both fillets to minimize thermal distortion during post weld cooling.  Matching panels
were tack welded in order to fixture the web-to-flangeconfigurations and to abut these assemblies
in a linear, end-to-end arrangement for continuous welding, as shown in Figure 2-17.  Primer was
not removed, cleaned, or otherwise treated prior to fillet welding at a linear speed of 10 inches per
minute.  After welding, each web-and-flange assembly was removed by flame cutting through the
abutments.  Each assembly was then flame cut into three sections about 5 - 7 inches in length to
facilitate subsequent destructive testing (weld fracture and examination).

2 . 4 . 2 Bend Testing

To examine the interior region of the fusion zone, one of the fillet welds was removed from
a section using an Arc-Air process (air carbon arc gouging).  The opposite, adjacent weld was then
broken by bending the flange to reveal the internal material structure and integrity at the fracture
surface.



2 . 5 Task 5: Atmospheric Exposure Testing of Panels

Atmospheric exposure testing of the panels was conducted using ASTM D1014-83,
"Standard Test Method for Conducting Exterior Exposure Tests of Paints on Steel," as a reference.
This method covers the determination of the relative service of exterior coatings and other materials
of similar purpose when applied to steel surfaces exposed out-of-doors.

2 . 5 . 1 Geographic Location and Configuration of Panels

The goal of Task 5 was to evaluate the relative performance of the selected PCP coatings
over a 12-month period while being exposed to the atmosphere in a shipyard environment.  For
this work, twenty-four carefully prepared panels (8 PCP's X 3 DFT's) were mounted on a KTA
test rack and positioned for a southerly exposure in a safe location at the top of a building in the
McDermott Shipyard in Amelia, LA.  Exposure testing was initiated on June 17, 1996.  Periodic 3-
month inspections of the panels were conducted thereafter, and their condition was assessed in
accordance with ASTM D610-85 (scale of 0 to 10, where 10 is best).  Actual inspection dates were
September 17, 1996, December 17, 1996, March 17, 1997, and June 23, 1997, when the panels
were removed from test and shipped to McDermott Technology, Inc. in Alliance, OH for final
assessment.

2 . 5 . 2 Weather Records

Climatological observation records for the Amelia, LA region (Morgan City, LA) were
procured for the duration of atmospheric exposure testing from the National Climatic Data Center
in Asheville, NC.  This information is documented and presented in Appendix 2-3

2 . 5 . 3 Inspection Methodology

Assessment of the atmospheric exposure test panels was conducted using ASTM D610-85,
"Standard Test Method for Evaluating Degree of Rusting on Painted Steel Surfaces."  This test
method covers the evaluation of the degree of rusting on painted steel surfaces using visual
standards.  These visual standards were developed in cooperation with the Steel Structures
Painting Council (SSPC) to further standardization of methods.  The amount of rusting beneath or
through a coating is a significant factor in determining whether a coating system should be repaired
or replaced.  This test method provided a standardized means for quantifying the amount of rust
present on the panels during each 3- month inspection.



3.0  RESULTS AND DISCUSSION

3 . 1 Adhesion Test Results

Laboratory adhesion testing of panels which were prepared under Task 2 was conducted in
accordance with ASTM D4541-85, "Test Method for Pull-Off Strength of Coatings Using Portable
Adhesion Testers," using a calibrated Elcometer Adhesion Tester, Model 106 (MTI No. 0900820)
having a range of 0 - 1000 psi.

For each of the six selected water-thinned PCP's, a set of three primed and overcoated
panels (a total of 18) were tested to determine adhesive strength.  For comparison, similarly
prepared panels primed with International Zinc WB14A and Nippon Nippe Ceramo (a total of 6)
were also tested to determine adhesive strength.  Each set of panels, prior to overcoating, had
exhibited primer DFT's of about 0.5, 1.0, and 1.5 mils.

A minimum of three measurements for adhesion strength were made on each panel, but as
many as five measurements were made on some panels.   Results of adhesion tests are summarized
in Table 3-1.  The tests showed that most of the coatings exhibited good adhesion, with strengths
greater than 1000 psi.

3 . 2 Plasma Torch Cutting Test Results

Plasma torch cutting trials were conducted with an automated system used in production
operations at the McDermott Shipyard in Amelia, LA.  Traverse speed for the cuts was set at 121
inches per minute.  Severed panels were subsequently examined, and the surfaces of the kerf were
rated (good, fair, poor) to characterize overall uniformity and condition, as shown in Figure 3-1.
Cuts of all panels were found to be good, and results (with comments) are summarized in Table 3-
2.  Photographs of additional cut panels are presented in Appendix 3-1.

3 . 3 Fillet Welding Test Results

After welding, the web-and-flange assemblies were removed by flame cutting through
abutments.  Each assembly was then flame cut into three sections about 5-7 inches in length to
facilitate subsequent destructive testing (weld fracture and examination).  Significant linear surface
porosity was observed along the fusion centerline in most of the fillet welds, as shown in Figures
3-2 and 3-3.  Photographs showing the test results of all other panels are presented in Appendix 3-
2.  Table 3-3 summarizes the results of the fillet weld testing and shows that welds for all web-
and-flange assemblies coated with water-thinned primers failed minimum acceptance criteria.
These results indicate that under these specific conditions, the PCP's may have to be removed to
produce acceptable weld joints.  While it was not within the established workscope of this project,
it is recommended that additional testing be conducted to identify alternative welding parameters for
making acceptable welds on panels with these coatings.



3 . 4 Atmospheric Exposure Test Results

Atmospheric exposure testing of the selected 24 panels was initiated on June 17, 1996 at
the McDermott Shipyard in Amelia, LA.  Interim periodic inspections of the panels were conducted
every three months (on September 17, 1996, December 17, 1996, and March 17, 1997) with
visual assessment per ASTM D610-85.  Results of these inspections are presented in Tables 3-4,
3-5, and 3-6.  Testing of the panels was terminated, as planned, on June 23, 1997 following 12
months of continuous exposure.  The panels were removed from the rooftop in the shipyard,
carefully packaged and shipped to McDermott Technology, Inc. in Alliance, OH for the final
assessment to complete Task 5 of the project.

Final visual inspection of the panels was conducted at McDermott Technology on July 9,
1997.  Results of the inspection, which are summarized in Table 3-7, show that half the panels
were still rated above 6.  Fourteen of the eighteen panels which were coated with water-thinned
preconstruction primers were rated from 1 - 7, and of these, the lowest ratings generally correlated
with DFT's of about 0.5 mil.  Panels rated above 7, all of which had a nominal DFT of 1.0 mil or
greater, were coated with either Amercoat 3207, Devran 720, or Hemudur 18580.  Panels coated
with solvent-borne Nippe Ceramo or International Zinc WB14A were rated at 7 or 9, except for
one Nippe Ceramo-coated panel (rated 1) having a DFT of 0.5 mil.  Results of the final visual
inspection are presented in Table 3-7.  Photographs showing the surface appearance of each panel
after 12 months of exposure testing are presented in Appendix 3-3.



4.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the testing, analysis, and investigation conducted in this project, the
following conclusions and recommendations have been established:

¨ Results of laboratory adhesion testing of panels showed that the PCP's were compatible with
the manufacturer's recommended topcoats and that most of the coatings exhibited good
adhesion, with strengths greater than 1000 psi.

 
¨ Cuts of PCP-coated A36 steel panels which were severed by plasma torch, were rated as good

(on a basis of good, fair, poor).
 
¨ Results of fillet welding trials, conducted using the selected set of parameters, revealed the

presence of significant linear porosity along the fusion centerline in most of the welds.  It is
recommended that additional testing be conducted to identify alternative welding parameters to
make acceptable welds on panels with these PCP coatings.

 
¨ Results of atmospheric exposure testing showed that selected water-thinned PCP's provide

good corrosion protection for A36 steel for up to 12 months, with performance comparable to
the two solvent-borne IOZ primers that were concurrently tested.

 
¨ All water-thinned PCP panels rated above 7 (including Amercoat 3207, Devran 720, and

Hemurdur 18580) had nominal DFT's of about 1.0 mil or greater.
 
¨ Poorest performance of all primers tested generally correlated with applied in DFT's of about

0.5 mil.
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